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seal -pressure -diff’erence coefficient; positive
whe>~ p~e.ssure below seal is greater than.
pressure above seal

aileron section hinge-moment coeff’ici.ent based

(’)h ‘~on aj.leron cb.ord
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dCh

total
0h6T - dii

in steady roll

n response paramater (ref9rence 1)

()~Gh increment in aileron section hinge-moment coef-
6 fici9nt due to ailenon deflection at a constant

section angle of attack

(%)A increment of aileron section hinge-moment coef-
a ficient due to change in saction angle of

attack at constant aileron deflection

AcIti incremat of total aileron sect:on hinge-moment
coefficient In steady roll

Ac~
aileron section hh~e-moxent parameter

Aso/A6a

The subscripts to p~rttal derivatives denote the
variables held constant when the partial derivatives
were taken. Ths derivatives wers measlx”ed at zero angle
of attack and zero aileron daflectlon.

The model had a 2.h-inch chord and a 35.~-inch span
~ld was constructed Of lerdnated mall~oganywith the excep-
tion of the interchangeable a:lerons, which were constructed
of solld dural (fig. 1). Ordinates of the NACA 651-2LC air-
foil section are given in table I.

The three aileron shapes tested are shown in figure2
and consist of the true airfoil contour, straight sides,
and a beveled trailing edge. The ordinates of the true-
ccmtour e.ileronwere the same as the ordinates

E
iven In

table I for the trailing-edge ~art of the NACA 51-210 air-
foil section. The contours of th9 straight-aided and
beveled ailerons ware formed by straight lines as shown*
In figure 2. A rubber seal was used at the gap at the
nose of the aileron.

For the tests of the smosth airfoil, the model was
finished witlhNo. @O carbarlmdum paper to produce aero-
dyn.smically smooth surfaces. For the tests of the air-
foil with standard leading-edge roughness, the model
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surfaces were the same as those of
exceut that O .011-inch carborumium

NACA ACR %0 ● L5F2?

the smooth airfoil
PJrainswere applied

to both surfaces at the leadin~ edg; over G surf&~e
lengtk of C.O~c r.essured from the leadlng edg3. ThiS
rou~i.ess is defined ~n reference 2 as tinestsndard
roupkness i’ora 2,!+-:nch-chcrdmcdel.

bearing~ s.tthe ailercn Mrqe axis. lhe pressure dif-
fere~ce acro3s th~ Uleron ss~l was a.easur=d with surface
static-pressure orii’jces locatfidiuside the .gupabove
and belo17 the flaxible rubber seal.
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qo = looo6qof. .-

‘0
= 1.015aoI

whers the primed quantities represent the values measured
In the tunnel (reference 2).

PR.ESIZPIATIOEOF DATA

For use in ajleron des!gn, basic section data are
presented for a ran~e of aileron deflection In figures 3
to 9 for the true-contour aileron, in figures 10 to 15
for the strai~ht-sided eileran, and in flgu~es 16 to 21
for the beveled aileron. “Thesefigures include data for
the airfoil with aerod~;na~~cally smoth surfaces and with
standard roughness applied to ths leadir.gedge.

These basic section data C??EL3be used to predict the
section hinge-momemt chcracteristlca of ailerons of stmilar
contour and chord with any amount of sealed internsl
balance by the followln< equations:

(1)

Ch = Cha + Ach~ (2)
abalanced aileron plain aileron

where

%a increment in aileron section hinge-namnt coef-
ficient I-reducedby an internal-balance
arrangement

Cb cb.ordof overhmqj from .sIlaronhirge axis to
mdddle of’sealed gap

.

Ca chord of aileron behtnfibin~e axis

t twiza nose rsdius of plaln aileron
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Equation (l), In which the overhang is assumed to extend
to thq middle of the gap, can be used for determining
the overhang nmments of sealed internally balanoed
ailerons of normal contj.guration, that 1s, ailerons for
which tkLeoverhang extends straight forward into the
bnlanco chanber and the sealed gap width Is srall.

The data obtsined at a 5,eyn~ldsnumber of 1 X 106
arc not so accur~te as those obtalr.ed at a Reynolds
~numberof ~ x l~o h~eallseof ih m(Jalldynav~c pressure.
!l?heresults for the lower Te~.moldsnumber, hovav9r, are
believed to be useful for inilcstfng qualitative effects
nf F?e-flLol.5sfiuT”Del’on the ~iZgrg~ charn teristics in

ttha r~qge Of peynolds nm!?mr from 1 X 10 to ? x &
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Aileron
Airfoil

Smooth Rough

True-contour 4.7

Straight-aided 1.5

-i-

4.7

Baveled 2.5 12.1 “

()

Aao
The value of the effectivan~ss parareter ~

a 6a=t200
when tnacsured over a range of aileron defl~ction of A2C1°
at a constant sectlcn lift coefficient of 0.20 wns greater
fnr the strai~hi-sjded ~ilaroria~~tk~ airfoil with a smooth
surface or with le&filn~-ed~e roqqhness thsm for the other
t170 atlerons. The value OF this parameter for the beveled
aileron wes also greatqr than for t.ketrue-contour aileron
w!?.ththe airfoil s~catlibut w~s low~r with standard
loadinf:-edge rougl~esg @paliefito tbe airfoil. An
increase in tiresect~an lift ccefflctent from 0.20 ta

()

ban
O.so C~US9d tk~ 51mi’SCtll-eCl.:s~;~r~~~t~r -

A6
a 6a=k200

to decre&se for the true-contour aileron and to increzse
for the straight-sided and bevslqd ailerons. The value

()

LaP
of - ior the beveled aileron is question-:~

a sa=*200
able because ~f a ja~ in the lift curve at Cz = 0.80 and
6~ = 20” (fig. l~(b))o The aileron effectlvenass
decreased sli@tly wh~n the Reynolds nurber was
incrsa~ed from 1 x 10° to 9 x 106, as shown in table II
and figure 22.

Aileron EH.~e ?iianents

+0’ Saction charactaristicso- The effect of ailaron
contour on va~’lgus aileron sactlon Mnze-moment pabamlmrs
is presentad in table
Srom the trus airfloil
beveled trailing edge

and ch~. positively.

—..

TI ● Cb.c.ngesIn ihe aileron contour
‘..ntcurtC stral.@t sides or to a.
increased the values of %a
Tt is evident from figun 17(b)

-. .-— — . — —
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that the exact value of c~ at a.

beveled aileron is consider~bly less

NACA ACR NO ● L5E’2T

= 0° for the

than 0.0069 as
given in table II but, beaeuse-of the sharp chm~ges in
the variaticn of ch with a. near a section ~.gle of
attack of 00, an avar.zge slope vcs used for ch “

between val.ussof of An incr~ase in.20 ~nd 23. ~
an

6the %ynolds nlmber from 1 x 10 to p x 10 grovided a
positive increase In c~a for r,llthree Si13r0ilS and

in ch5 for tha beveled Qileror.only (table IT). A

comparison of the aileron hln~e~momcmt characteristics
for ftReynolds nuxber of g X 10C (fi@, h, il, and l?)
shows that es the aileron v-as Lhicksred and bevel~d
near tk-stre!ling edpc, abrupt chang:.sin c~ occurred
~n tilelow anqle-of-fittack ran~60

A co~~varison of figures 17 md 20 shows t?_.&tthe
abrupt ch?.ngesir- ~h for ths bev~led aileron disappeu
when rou~hr-ess Is aopiied to the lsad~ng edge of the
airfoil. The hin.g5-rmmnt charact~uistl~s of a beveled
aileron, tkerafors, msy be semitlve to ivlng-srirface
rcug?mmss .

Data showing the vartatian of the lncrewents of %c
and ch With chan~es

6
in traiij.ng-eC’.&eangle of vayious

ailerons on some KACA airfoil sections are given in refer-
ence L. V,l-.enIxsgd on the chailge ~11tra~li?lg-edge ar+le
from the true-airfoil contour, the increments of Cha and

c~ for the st~aigkt-sldcd and bo_v91ed fiileronswith the

a~%oil either s:raothor with stanflardro~~hnsss aaplied
to the lewiing-edge fsll within the exparirentul scatter
of t% date.of raference ~.

~ileeffects of fieynol?snu~ber ori /L@ qa c&n i>e
sesn In fig re 22.

~
Jr.!ncrezse in the Be;nolds ri’mnber

fronlXICto~XICl 6 dccre~ised the available pressure
difference asross tha aileron seal.

Basic for comP.rlson.- T1-erate of roll generated by.—
the ailerol;has an I“”portent eftect on the htn.gemment
bectiuss the rate of roll .a~t~rstho mean ar.glcof attack
at which the ailerar.is orerating. Izr corpnriscn of
ailerons .f’romsection ~ata, t,hersfnre, the allsron hir~e-
momer-t characteristics are u~ually determined ty use of
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th’eoonst”knt~llft’concept,’ that is,”the assumption that
the aileron portion of the wing acts at constant lift
during a steady roll. ~n reference 1, however, Gates
and Irving indicated that the constant-lift concept
overstresses the importance of the hinge-moment parameter
cha and gave the equation for the rate of change of.the

‘ninge-noment coefficient wtth aileron deflection in
steady roll as

() Cha

%lbT ‘chl-n—
6 c~~

b
rat.kerthan

(3)

(ii)

‘whichis the eq’~ationfor tlhecor.stsnt-llft conzept.
Altkou~h equation (~) ir “Innciequatefor co-vputiqj
finite-sFan ck.aracteristlc9, it 12 satisfactory ~or
~oi~~ring tilethree a.ileraasof different contour. In
~r~er to simplify tke application of eqwtion (3) to
nor-linezr curves, the c;uation was converted to

-1 J
A t~~lcal value of 1/5 l.sgiven for n in reference 1.
The value carrespon~:s to ssvsrsl wing-a:leron combffiations,
one of r,kich is a wing ~:ithnn aspect ratio of 9 and with, a C.2C)C qileaon.ilEIVillgan eqqal up-and-down deflection

* and extanding fro~-lbbpercent semispan to t-newing tip.
The value n = ~ was used ii-,equatim (5). The

method of analysis’used herein is considered suitable
for comparing tha relative merits of the three ailerons.

The ana~~sis is presented in tha form of ths aquiva-
lant ch.nn~ein section anQe or attack La. required to -
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maintain a constant section llft coefficient for various
deflections of the aileron from neutral. The hinge-moment

ACH
parameter which is the ratio of the increment

Aao/A6as
in hinge-momc3nt coeffic!.ent in steady roll (equation (5))
to the aileron effectiveness, is plotted against the
equivalent change In angle of ettack. The method of
analysis takes intc account the aileron effectiveness,
the hinge moment, and the posstble meckarilcal advantage
between the controls and the dlerons. The span of the
ailerons and possible effects of thee-dimensional flow
are not considered except as indicated in equation (5).
The smaller the value ot the M.nga-rnoment parmetwr for
a given value of Aao, the more adv~ntageous the combina-
tion should be for providing u lower control force for a

given helix angle of the wing tip ~.

Plain aileron.- In order to compare tha plain ailgron~
of different contour, values of the hinge-moment parameter

-&L are plotted against Aao in figure 23. Figure 23
Aao/A6a
indicates that thickening and beveling the trailing edge
of the aileron would improve the control-force character-
istics of a sealed-gap 0.20c plain aileron. The applica-
tion of standard roughness to the Rirfoil causss the hinge-
co-:le.lt~aramotpr ba decrea~.~ In ~i~<nitude fv~ snal?!values
of Aao and to increase for large values of &a..

TWanced elleron.- For coz+-?.r~sonsof’the three
ailerons of different contour with se~led Internal balance,
the effect~ of small changes in the pressure difference
across the ailerortseal and sbanges In wing roughmss are
important. For a conserv~tive des~.gn, the Internally
balanced aileron silouldbe so proportioned as.to avoid
overbalarme when the wlr~ has the roughest surfacs t“rat
woulr]be expected In service, For the alrf~i~ ~i~
standard leadtng-edge rsughness, the chord of overhang
cb necessary to balance each aileron to = -0.001

. c%
was conputed b~ .msansof the ~allowing equations:
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(7)

(3)

The conqmted overhangs c~c Q wer3 CI.536, 0.531, and
0.396, respectively, for ~he-true-contour, straight-sided,
and.beveled ailerons. Tk hinge -~Ol~entcoefflc~ents for
the angle-of-attack and aileroll-def’lecttonranges were
then calc~l.latedfrom the deta on the hinge-mament and
seal-pr3~sur3-difference coefficients for the plain
aileron by use of a%uatlons (1) and (2). The approximate
limiting deflections of tke three sealed internally
balanced aflerorisof trae airfoil contour, str~i@t sides,
and a hevelad trailing edge were ~15°, t15°, and *20°,
respectively. The raximum deflectioris were llmited by
the lengtks of the sealed interr.albalances.

For comparison of three se.513ciinternally balanced
ailerons, values of the hln~e-~’o’mentparamter

thc--

&Y,q,;are ~lotted against aa~ jn figu~ 24.

l?’j~ure2}}.S?lOWW th.ftt-n~stro5@t-sjded ai~gron
S%oul<knrovjde the Sm:lllestcontrcl force of
the three sealed internally balanced ailerons. The order
of merit of the three ailerons changed when the internal
balanoe was added because of ,the effects of aileron con-
tour on the available ssal-pressure-dl.tference coefficient
at the higher ~leroit deflections. For a wing with a
smoother surface than tb.atfor which. the conservative
RmOUnt Of sealed ~rLt6rnd balanc~ was determlned~
the controi f~rce I’rrthe strai.@t-s?ded aileron
would change tY.eleast of the riwaa zilarons. Tk.is

● small change in the control force for the stralght-
sided aileron canA$ seen in figure ~ by a comparison of

the values of ~ fOr t~ smootjnairfoil ~th those
ba#A6a

for the &irfoll with st:.mdGrd le9dtng-edge roughness.

1
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Lift

The effect~ of aileron contour, Reynolds number, and
standard airfoil lsading-edge rougkmess on the lift-curve
slope Cza for the YACA @l-210 airfoil section with the

aileron nsutral are shov:nin table 11. A study of table II
shows that cZn Is changed by eitk~r rou@iness or

A corrparism of figures 3, K, and 16 shows that fOT

the airfoil vith scro~thsurfacas tks naxlmi.xmsection llft
coefficient of the NAM 65--219 a~rfcll section with the
aileron neutral was aoproxlm~tely 5 percent le3s for the
mcdel w~th the stral~b.t-sided or Levaled ailerons tilan
with the tnzc-car.tou Ei19ron. This loss :n maxirlum sec-
tion lift coefficient is attributed to tinechange In
cmnber over the rear ~art of the airfoil seetion caused
by the aileron-cantau~ m~clif’lcation. .1comparison of’ii.g-
ures 7, 13, oriii 19 stivfsthat, for the airfoil witYA
standard l~ading-ed.gs rour)mess, tie v%xinmn ssstl.on lift
coefficient Tas the sara For the true-ccut~ur and straigkt-
alded ail.eror.shut tas.tthe max.imur sectio.~lift coeffi-
cient for t% be~:eled al13~on was less th%a th~t for th.’~
true-contmr aileron.



Because the changes in section pitching moment of an
m ei.rfoilinduced by aileron deflection are of primary

importance in determining the lateral-oontrol reversal
speed, the variation of the increment in section pitching-
moment coefficient Ac

~c~
with the equivalent change in

section angle of attack “required to raintain a constant
section lift coeff~.cient was plotted for the three
ailerons (fig. 25). The vartation of ACm with Aao

-CA
was approximately hhe same for the three ailerons tested
(fig. 25). TM rate of change of %c/~ with Aao

is 0.0205, which agrees with tlietheore’t~cal and experi-
ment~l valuea ~ivfidin rei’erance 7.

!l% effect of aileron ~antm.w on the airfoil section
profjle-drag ceefflcient is presented in figure 26.
With tie aileron neutral, char.p,esin the aileron contour
within the ran&e ~nvesti~ated show no si~.ificant effeot
on the airfoil section 31”cfi~3-dr%g charactsrlstics.

The v~rtation ~f airfoil section profile-drag coef-
fi~i~nt cda ‘~llthsection m~le of.e.ttqclca~ for
varlou.s nileror.deflections IS pr9sented in figure 6 for
the true-c ntour a~l~ron &t Reynolds riumbers of

z
1 x 106

and 9 X 19 . At a R3ynolds 6nlumber of ~ X 10 , a low-
drag ‘1lxlcketf’was realtzed at all aileron deflections
(fiu. 6). Besause the cl’=ngein Cd. wtth a?.leroncon-

tour was small with the aileron neutral, the section
prOfi19-drFg characterist~cs of the &i.riol.lwtth e~.ther
the stra$.ght-sided or bevela~ ~.ilsrcndeflect3d would
probably be tineswe as for the airfoil with the true-
contour aileron.

A two-dimensional wind-lvnnel investigatiorl was r,ade “
of an NACA 651-210 zirfoil equipped v~th three inter-
changeable sealed-gap 0.20-airfoil-chord plain ailsrcns
of different cor.tours The airfoil was tasted with s~ooth
surfaces and with standard leading-edge roughness. Th9
data obtained indicated the followi~ conclusions:

1. Clmx@ng tinecileron contour by thickening or
beveling the trailing ed~e would cause
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(a) Ths aileron section effectiveness para~eter ab
to decrease
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TABLE I

ORDINATES FOR ITACA 65;-210AIRFOIL SECTION
,-..

[Stations and ordinates given in
~ercent of airfoil chord]

Upper surface
.—

Station
—

0

h
“ 3:

11:1 9

k
2* 08
4. 98
7. 94

?
z

● 94
1 ..899
~ ●909
?2 .921
2 .936
i3.91

8
2●9 8

‘..984
50.000

z
5.014
0.02
65’.0

z
1

70.0 3

~5 OJ
5.04
,0.04

90:028
95.014
100.000

————

Ordinate

0
.819

0

Lower surface

~tation

“o

?
65

: 22
1.331
2.592
5 ● 102
7.606
10.106
15.101
20.091
25.0
30.0ZI

?
5● 049
0.032
45.016
50.000
54.986

~? ~{●9
4~9
6 .~~~
?7“95r

II?
.958
1.962

$Q.9 2
19L.’;‘6

—

Ordinate

o

i
-. 19
-* 59
-1*O 9
-1 z
~;”~;~.

-2:521
-2.9 2

?-3.3.6
~;.6g

1
i

-3: 9!. -5.92
-3.86i
-3.709
-3.435
-3.075
-2.6 2

2-2● lu~
-~.689
-1.191
-.711
-.293
.010

0

L.E. radius: 0.6G7
Slope of radius through L.i.: 0.08425

& NATIONAL ADVISORY
COMvlI’TTEE FOR AEROLATJTICS



TABLEI1.- SECTIONPARAMETERSMEASUEED

()

Aao
EXCEPTFOR

~
MEASUREDAT”

a 6*=?200

AT aO=OO AND8a =00

Oa = 0.20 AND Cl = 0.80

True-contour ~leron

z
o
●

Surface R cl
a

a

“ , cc a6 ‘ G2a=t,oo C3,*200 ah= ch6 ‘a: “’pb’cma ‘ma $

(1) (2) (:)

Smooth9 x 1060.1080.05&‘-0.472 -0.455 -0●449 -0.0066-0.01360.0250.075-0.0017-0.0100

!?ough9 x 106 .107.049-.450 -.428 --------.- -.0062-.0122.024.075--------------
smooth1 x 106 .106 .053-.k90 -.h80 -----------.0092-.0134-----------.0008-.0100

Stra~ght~gidedafleron

Smooth9 x 1060.1060.050--0.465-0.465 -o.l+80-0.0050-0.01120.0290.07&-0.0007-0.0094

Rough v x 106 ,105 .ok? -.~50 -.435 -----------.0040-.0110.025 .074--------------

Stiooth1 x 106 .105 .051-.485 -.480 -----------.0071-.0113-----------*OOO2-.0104

l“Smoothnand‘Rough“ refertothe
leadlng-e~geroughne~~.

2c~= 0.20.
3CZ=0.80.

Beveled aileron

-0.459 -0.470 0.0069-0.00700.0260.0790.0010-o●0086
-.400 ----------.0019-.0059‘.Oa .077---.---------

-.454 -----------.0027-.0100-----------*OOO1-.0098

n~rfollwith aerodynamically smooth surfaces and with standard

~.
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Figure l.- NACA 651-210 airfoil section with aileronj as tested in the

Langley two-dimensional low-turbulence pressure tunnels
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NACA ACR No. L5F27 Fig. 2

<> .O08C (~4~.—-_ _ -—-—_ t-..
(a)True-contourallepon.

I
. . F-”’ooc~ B

,

.0CK3c
<
>

— —— —__ -— —— —— -— —

\

Flexlble seal

(b) Straight-sided

<’

aileron-

< h

Radlua = .019C
.008c

-— —— ——.

seal

(c) Beveled aileron.

NATIONAL ADVISORY
C0UkIIT7EE m AENNAu71cs

FigureZ .- Sketch of the three sealed-gapplaln ailerons on the
IJACA 651-210alrfoll section.
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NACA ACR No. L5F27 Fig. 3a

.

(a) R= 1 XIO”.

FIWO 3 .- Iift and pitching-rn.mentcharacteristicsof an NACA651-21G
airfoilsectionequippedwith a sealed-gap0.20cplal.naileronor true
airfoil contuw. l%ts, ‘lDT847,849,and850.

— —
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NACA ACR No. L5F27 Fig. 3b.,

i-”-t-+ .. H-t-+-i

-1”-l’-ttt”ttl
-0 , ‘“~ H+--i--++++i--i-+-=

.l_L1.-.i.iI I 1
(b) R= 9 x 106.

Figure3 .- Concluded.
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NACA ACR No. L5F27 Fig. 4a

— -

I I i, ! I I I I I I I I 1! SectionangleOf attack, a. , deg
.,.—. _ .._. . . ttito;:%%n%%%s+lL.Q-.’.-..L,L.-L_L..,...,,....I..L.-L.....L.1.., ,.:-,..,...-L.-1

. (a) R = 1 X 106.
Figure4 .- Hinge-momentclmraoterlsticsof a sealed-gap0.20cplainaileronof true

airfoilcontourcm an NACA651-210airfoilSection. !msts,IDT81+7,853.



NACA ACR No. L5F27 Fig. 4b
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NACA ACR No: L5F27 Fig. 5a

.

.

(a) R= 1 X 106.

Figure 5 . .. Pressuredifferenceaoroasthe gap seal of a 0.200plain
aileronof true airfoilcontouron an NACA 65,-210airfoilsection.
rests,TDT 847 end 848.

.



NACA ACR No, L5F27 Fig. 5b

(b) R=9 x106.

Figure 5 .- Concluded.
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wgure 6 .- Dmg characteristicsof
aileronOr trueairfoilcontour.

(a) R=l x106.

EII NACA651-210airfoil sectionequippedwitha mm.led-gap0.200pla$n

lbsts,lDT8)+5,847,and~8.

.
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(b) R =9 x106.

Figure6 .- Conoluded.
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NACA ACF? No. L5F27 Fig. 7’

~Figure7.- Llftcharacterlst~csor an NACA651-2~oalrfoll section
equipped with a sealed-gap 0.20c plain aileron CM truealrrofl
contour.Standardleading-edgeroughness;R = 9 X 106;test,
IDT 869.

i
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NACA ACR No. L5F27 Fig. 8

Figure8.- Htnge-manentcharacteristicsof a sealed-gap0.20cplainaileronof true
airfoil contour on an NACA 651-210airfoil section having standard leading-edge

roughnees. R = 9 x 106; teat, TDT 868.



NACA ACR No. L5F27 Fig. 9

II ,T &tT
,1,,, ’,,.,

‘“w<aoJdeg]llL–lll I
w~tti+~ IJ Ii” I ’1’I ,,,, ~:,.-...l..--, ..,,,,

LL1.JL-U...I.-I’- lT- .L-LI--J..--L.J—

F@um 9.. Pressuredifferenceacross the gap seal of a 0.20cpldn aileronof true
afrfoil contour on an NACA 651-210airfoil section having standard leadtig-edga

roughness. R = 9 x 106; test, ‘IDT869.



NACA ACR No. L5F27 Fig. 10a

.

H , , , . ,. 1-~ :1),
., . . . .— L: _,

-“1
. -.. —

-

I

U–W-WMU-4M---LM-M -U-I-LUJ-L.J

H+-F”E ; jl-+-+-++wl -.... . . . ..~,H---&& -5H+-t-+--l+l

,

‘‘‘‘VfFHmI

_~_,~& sec’Gi’m angle of attack, .0, de. 4--l44-41#q
(a) R = 1 X 106.

,FZ!BIIm10.- Lift and pltchlng-mmnent characteristics of an NACA 651-210alrfollaectlon
equipped with a sealed-gap 0.20c plain aileron with straight sides. Tests, mT 85!+, 861.



NACA ACR No. L5F27 Fig. 10b

(b) R =9 x 106.

Figure 10. - Concltied.
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NACA ACR No. L5F27 Fig. lla

0

(8) R = 1 x 10°.

FlgWe 11.- Rlnge+mment characteristics of a sealed-gap 0.20c plaln aileron with stral~t

sides on an NACA 651-210airfoil section. Tests, TDT 852and 860.
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NACA ACR No, L5F27 Fig. llb
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NACA ACR No. L5F27 Fig. 12a

-tt++4—t—H———H——H——tt4—tt

-d
68

(deg)

20
,.

?;2

I 1.

~
o,

r-l

‘?w-*i-2tmti TL.L4-t}++?a

(a) R = 1 X 106.

W--i- +–-lA’-t--t-F-’ -+-+-+

Figure 12, - Pressure difference acro9s the gap seal of a C.ZOC plain ailerm with Btraight
sides on an NACA 651-210airfoil gection. Test, !lDT 8~.
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NACA ACR No. L5F27 Fig. 12b

(b) R =9 X106.
FLSUXW12. - Concluded.



NACA A’CR No. L5F27 Fig. 13

.

Figure 13.. tift character~atlcs or an NACA651-210 a~rfo~l section
equipped with a sealed-gap 0.20c plain aileron with straightsides.
Mmdard leadtig~dgerou~ess; R = g x106; test, ~T864.



NACA ACR No. L5F27 Fig. 14

Fignre14.- Rlnge-mcm?ntcharaeterlstlcaof a sealed-gap0.20cPlalnaileronWltb
straightsideson an NACA 651-210airfoilsectionhavingstandardleadtig-edge
roughmm. R = 9 X 106;tent,~T 863.

I



NACA ACR No. L5F27 Fig. 15

Figure 15.- Pressuredifferenceacrossthe gap seal of a 0.20cplain aileronwith
straightsides on an NACA 651-210airfoilaectlonhaving standardleadbg-e~
roughness. R = 9 x ~06; test,~T~.



NACA ACR Noo L5F27

—

Fig. 16a

(a) R= 1 X106.

Fi”@w 16.- riut and pltclzlng+noinemtchamcterlatlosof m NAoA 651-210afifolleqtiPP*
with ● smled-gap 0.200plainallemn withbeveledtrnlltigedge. mats, m? 858, 859.
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NACA ACR NO. L5F27 Fig. 16b

.

(b) R = 9 x106.

e Figure 16’.. Conoltigd.



NACA ACR No. L5F27 Fig. 17a

(a) R= 1 x 106.

Flgnre 17.- Hinge-moment characterletics of a sealed-gap 0.20c plain tilerm with
beveled trailing edge on an NACA 65X-210airfoilaectlon. met, mT 862.

.



NACA ACR No. L5F27 Fig. 17b

Fi~e 1’7’.. Concltied.



NACA ACR No. L5F27 Fig. 18a

“(a) R =1 * 106.

FIRUIW18.- PreamN dlfferenae aomss the gap seal of a 0.20c plaln aileronwith
~feled trdl.1.ngedge aI an NACA 651-210d.rfollsection. Teat,79T 859.
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NACA’ACR No.’ L5F27 Fig. 18b

,.

(b) R=9 x106.

Flgure18 .- Concluded.
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NACA A(3R No, L5F27
Fig. 19

Figure 19.- GMt characteristics of an NAOA651.210airfoilaeotion
equ$ppedwithq sealed-gap0.20cplainaileron with beveled trail-
ing edge. Stqdard leading-edge roughness; R =
‘lDT866.

9 X 106; t~8t,



NACA ACR No. L5F27 Fig. 20

Figure 20. - Hinge-moment characteristloa of a sealed-gap 0.20c plain aileron with
beveled trailing edge on an NACA 651-210airfoil nection having standard le8dl.ng-

edge roughness. R = 9 x 106; test, ~T s5.
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..

..

NACA ACR No. L5F2’7 Fig. 21

Fl@’e 21.- pmDsure d~ference eeroasthe gap”seal of a 0.209Plati ~lerm ~~th
beveledtrailing0&O On m mu 651-210a~fiolleect~On~v~g atmdd le*tig-
edge roughneas. R = 9 x M+; test, 19T 866.
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NACA ACR No. L5F27 Fig. 22a

I I I I I \l -.&

.28

Aileron deflectlon, Ba * deg

(a) llwe-contouraileron.

Figure 22.. Varlatlcm of aerodynamic characteristics with aileron
defleotlon at a constant section lift coefficient of 0.20 for
enNACA651-210airfoilsectionequippedwiththreeinterchange-
ableseated-gap0.20c plainaileronsof differentcontour.



NACA ACR No. L5F27 Fig. 22b
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0
Aileron deflection, 6. * ‘eg

(b) Stxmigbt-8ided aileron.

Figure 22.- Continued.
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NACA ACR No. L5F27 Fig. 22c

(c) Beveled aileron.

Figure 22.- Concluded.
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Fig. 23a,b
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Aileron
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Beveled

4a. , deg

(b) Airfoil with stadard leadlng-edge roughness.

AC=T
FigUW 23.- Varlat ion of the hlnge+noment parameter with equivalent change In

Aao/dda

section angle of attack required to maintain a conetant eectlon lift coefficient of
0.20 for deflection of sealed-gap 0.20c p aln allerona of different contour on an
NAOA 651-210airfoil aectlon. kR=9x1O.
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NACA ACR No. L5F27’ Fig. 24a, b
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Allerrn
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(b) AliWoll with standard leadlng-edge Iwughneaa.

ACE=
FISUIW 24.- Varlation of the hlnge+mxnent paremeter _. with equivalent change

Aao/A6a

h section angle of attack required to ma!ntai.n a constant nectlon lift coefficient

,of 0.20 for deflection of sealed 0.20c internally balanced allemns of different
contours on an SACA 651.210airfoil section. R= 9x106.



NACA ACR No. L5F27 Figs. 25, 26
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-. 3
-12 5 -4 0 4 8 12

Increment in section angle of attack, 4a. , deg

Figur.3 25.- Variaticm of increment of section pitching-oment coefficient of ~

NACA 651-210airfoilsectiontithequivalentchmge in sectionmgle of attack
requiredto ~alntaln* constant section lift coefficient Of 0.20 fOr deflectlOn

of t~ t~ee sealed-gap 0.200 plaln ailerons Ofdifferent cOntOur.
R=9x U36.

FIWO 26.- ~pfe=t~f aileron contovron the aectlOnPm file-dragcOeffi=lent
of so.“NACA 651-210airfoil section equipped with sealed-ep 0.20c plain

ailerons. Oa=oo; R= 9x106.
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